The first-cohort advantage hypothesis (FCAH) was formulated to explain patterns of biased sex ratios in litters of Virginia opossums (Didelphis virginiana). Females of this species typically produce 2 litters each season, and litters born early in a season are male-biased and those born later in the season are female-biased. Males born earlier are older and heavier in the next breeding season and likely to secure more mates. The hypothesis predicts fitness benefits to mothers that have more males in their 1st litter (the 1st cohort) each season. The feathertail glider (Acrobates pygmaeus), in Victoria, Australia, is another species that produces 2 litters per year and not all males mature before the start of the breeding season after their birth. Hence, feathertail gliders also might be expected to show a pattern of sex bias in litters consistent with the FCAH. They do not. This paper uses data from 2 field studies of feathertail gliders in Victoria over the past 18 years. Sex ratios were recorded for 53 first-and 42 second-cohort litters. There was a trend toward male-biased litters in the 1st cohort, but also in the 2nd, and neither group differed significantly from a binomial distribution of sex ratios. This provides no support for the FCAH in this species. This may be due to the much less sharply defined breeding seasons in feathertail gliders compared to those of Virginia opossums, and to their greater longevity.
The first-cohort advantage hypothesis (FCAH) was formulated to explain patterns of biased sex ratios in litters of Virginia opossums (Didelphis virginiana, Marsupialia, Didelphidae) in Florida (Wright et al. 1995) . Wright et al. (1995) showed that adult female Virginia opossums typically produced 2 litters within an annual breeding season and that litters early in a season were male-biased, whereas those born later in the season were female-biased. Wright et al. (1995) hypothesized that, because males born early in a season are older and heavier at the start of the next breeding season than those born late, males born early in a season are more likely to be mature and reproduce successfully in the following breeding season. As a result, fitness benefits will accrue to mothers that have more males in their 1st litter (the 1st cohort) each season, leading to a male sex bias in those litters, hence, the FCAH.
The essence of the FCAH of Wright et al. (1995) is that if the timing of reproduction affects the reproductive potential of sons and daughters differently, more of the sex that profits most from early independence should be produced early in the season. A recent experimental investigation of recruitment sex ratios in gray-tailed voles (Microtus canicaudus) found seasonal differences that supported the predictions of the FCAH (Bond et al. 2003) . In its broader sense, the FCAH is similar to other hypotheses explaining changes in sex ratio within clutches as breeding seasons progress in some birds, particularly birds of prey (Daan et al. 1996; Smallwood and Smallwood 1998) and waders (Andersson et al. 2003) . Here, in some cases the bias is toward males and in other cases toward females. To maintain Fisherian sex ratios at the population level (Fisher 1930) , selection may favor a reverse in sex ratios later in the season, but this will not always be the case.
A previous study of Virginia opossums in Florida and common opossums (Didelphis marsupialis) in Venezuela tested the effects of supplemental feeding, and the consequent increases in maternal body condition, on sex ratios of offspring produced (Austad and Sunquist 1986; Sunquist and Eisenberg 1993) . This study provided some of the strongest support for the Trivers-Willard or maternal condition hypothesis of adaptive sex ratio bias, but there has since been considerable debate over the best and most appropriate statistical treatment of the data (Hardy 1997; Wright et al. 1995) . The most recent reanalysis of the results by Sven Krackow (pers. comm. in Wilson and Hardy [2002] ) used generalized linear mixed models, and concluded that the effects of dietary supplements on the sex ratios of common opossums are not large (P . 0.061) and more data are needed before a firm conclusion can be reached. Hardy (1997) also used these data to assess the influence of cohort on the sex ratios of litters of common opossums and found no significant effect. Presumably the biologies and selective pressures on the 2 Didelphis species are different, and the conditions under which FCAH operates are quite specific.
As for all hypotheses of adaptive sex ratio bias, the FCAH can only be applied to a limited range of species that satisfy its underlying assumptions. As a result, there are few tests of the hypothesis. The FCAH only applies to species that have an annual breeding season in which individual mothers predictably produce more than 1 litter or clutch each season, and where the probability a male will mate successfully in the season after its birth is influenced by whether it is born early or late in a season. This may be either through lack of maturity or some other age-related factor, such as size or competitive ability. One species that meets these criteria is the marsupial feathertail glider (Acrobates pygmaeus). This is a small nocturnal arboreal species (11-15 g; males are approximately 7.5% heavier than females) that is common in the forests and woodlands of southeastern Australia (Ward 1990) . In Victoria, the southern end of its range, there is an annual season of births (July-January) within which adult females usually produce 2 litters of up to 4 young. Females and most males are physically mature at the start of the season after their birth, but some males are not (Ward 1990) and it is presumed that these were born late in the previous season. In addition to the seasonal breeding pattern, a female remates at a postpartum estrus, soon after the 1st litter in a season is born, and the resultant embryos go through a period of embryonic diapause (Ward and Renfree 1988a) . These embryos are reactivated as the 1st litter approaches weaning (weaning occurs at 100-110 days of age -Ward 1990) , and form the 2nd cohort of births in the population that season. A result of this pattern of embryonic diapause is that the majority of fertilizations occur early in the season. The size of the adult males' testes, epididymides, and prostate peak in May-June, before the season of births, decline in midseason, and decrease at the end of the season (Ward and Renfree 1988b) . This pattern in the sizes of the testes and accessory glands suggests that male-male competition may be highest earlier in the breeding season and corresponds with the timing of most successful matings (when 1st litters of a season are produced and embryos for the 2nd litter are fertilized and enter diapause). The concentration of successful matings earlier in a breeding season increases the importance to males of being mature at the start of a season and is expected to enhance the FCAH effect in this species.
I used data from 2 extended field studies of feathertail gliders in Victoria over 18 years to examine the sex ratios of litters of feathertail gliders, comparing those born in the 1st half of the reproductive season with those born in the 2nd half. I tested the prediction of the FCAH that litters born in the 1st half of the season will be more male-biased than those in the 2nd half, and investigated the conditions under which FCAH might, or might not, apply.
MATERIALS AND METHODS
I conducted field studies of feathertail gliders in Victoria between 1983 and 1988 in the Nar Nar Goon area and near Daylesford (Ward 1990) , and again between 1993 and 2001 in the Spargo Creek area (Ward 2000) and, sporadically, in the Nar Nar Goon area. These field studies were designed to investigate the life histories of feathertail gliders and centered on captures of gliders from artificial nest boxes used by them during the day. Captured gliders were weighed, measured, and individually marked, and the pouches of adult females were inspected to count and measure any pouch young (Ward 1990) . Determining the sex of pouch young was difficult in the field when young were small, but was possible with larger young (approximately 55þ days) on the basis of the scrotum of male pouch young or the pouch and developing teats of females. Because gliders were captured from nest boxes, litters of dependent young that had left the pouch but were still being suckled also were captured, sexed, weighed, and measured. If more than 1 litter of dependent young was found in a nest, their sizes (head lengths) were used to match them with probable litter mates (but see Parrott et al. 2005) . The number of lactating females and the number of enlarged teats on each female also helped in this sorting process. All animal handling was carried out humanely, with approval from animal experimentation ethics committees at Monash University or the University of Melbourne.
I used the growth curve of Ward (1990) to calculate the date of birth of each litter from the head length of the young. Recapture rates were low, so it was rarely possible to positively identify a female's 1st and 2nd litters of a season. To overcome this, the season of births in southern Victoria (July-January in most years) was split into approximately equal halves, and litters were allocated to either early, July-September (1st cohort), or late, October-January (2nd cohort), season on the basis of their birth date.
For each cohort, I grouped litters according to the number of young they contained (litter size), and then by sex ratio. I used generalized linear models with binomial errors to test the significance of the sex ratios, following Wilson and Hardy (2002) and using GenStat (8th ed., VSN International, Hemel Hampstead, United Kingdom). To determine whether the raw sex-ratio data deviated from the binomial distribution, I used goodness-of-fit tests for the null models. To compare 1st-and 2nd-cohort sex ratios, the data were analyzed using a generalized linear model with the number of males in the litter as the dependent variable, the litter size as the denominator, and cohort as the explanatory variable.
RESULTS
The distribution of births through the breeding season was determined from observations of a total of 145 litters and an additional 9 females captured in late pregnancy. Approximately half of the births were determined to have occurred in each of the 2 halves of breeding seasons (74 first cohort and 80 second cohort). Of these, sex ratios were determined for 53 first-cohort litters and 42 second-cohort litters; pouch young in the other litters were too young to sex. More than 50% of litters sexed in the 1st cohort were male-biased (28 litters) and approximately equal numbers were female-biased or unbiased (12 and 13, respectively). Overall, there were 82 male young and 57 female young in the 1st cohort (sex ratio of 0.59 males). Second-cohort litters included a total of 56 males and 40 females (0.58 males), making up 18 male-biased, 12 female-biased, and 12 unbiased litters. Overall, neither cohort of litters, nor all litters from both cohorts combined, differed significantly from a binomial distribution of sex ratios (1st cohort: Fig. 1 ). A comparison of the sex ratios in the 2 cohorts indicated that there was no significant difference between the 1st and 2nd cohorts (v 2 ¼ 0.01, d.f. ¼ 1, P ¼ 0.92). There was evidence of some overdispersion in the data (heterogeneity factor ¼ 1.19), but this was unlikely to influence the result greatly, given the large P-value, and no effort was made to compensate for it.
DISCUSSION
There was a tendancy toward male bias in the litters of feathertail gliders, and there were more male-biased litters born earlier than later in the breeding season. However, there was no statistically significant sex bias in either 1st-cohort or 2nd-cohort litters and the distributions of sex ratios in the 2 cohorts were not significantly different. Hence, there is little support for the FCAH operating in feathertail gliders in Victoria. An FCAH effect was expected in this species because of its typical production of 2 litters within a breeding season, the occurrence of male-biased sexual size dimorphism, and the fact that not all males are sexually mature before the start of the breeding season after their birth. It is possible that an effect was masked in the current study by the lumping of data from several years and sites; however, I consider this to be unlikely. It is also possible that there is a weak male bias in feathertail gliders that has not been detected because of small sample sizes (n ¼ 53 and 42). Neither cohort had a distribution of sex ratios in litters that differed significantly from a binomial distribution, but in each case the Pvalues were in the range 0.1-0.25. Gosling (1986) was able to detect sex-ratio differences in coypus (Myocastor coypus) only because of the statistical power from a data set of 1,500 dissected females. However, the comparison of the distributions of sex ratios in the 2 cohorts of feathertail gliders in the present study provided a P-value of 0.92, strong evidence that there is no FCAH effect. The absence of an FCAH effect in this species in Victoria indicates that the factors listed above may not provide sufficient selective pressure for the evolution of a mechanism to bias sex ratios in the manner predicted by the FCAH.
The annual breeding season of feathertail gliders in Victoria is a relatively long one, with births occurring between July and January in most years (Fleming and Frey 1984; Ward 1990 ). Litters are weaned at about 105 days, so this extended season of births provides a generous amount of time for the production of 2 litters by each female. There are no strong peaks in the timing of births (Fig. 2b) , presumably a consequence of the longer season. This is markedly different from the breeding pattern of Virginia opossums, in which there are 2 strong and clearly separate peaks in births each year, and sometimes a much smaller 3rd (Fig. 2a) . Some authors refer to these birth peaks as separate breeding seasons within a year (e.g., Ryser 1992) . These must result in a much more intensive mating period before each birth peak in Virginia opossums.
Males of feathertail gliders are slightly larger than females. Fleming and Frey (1984) reported that males are up to 3% larger than females in some linear measurements, but are the same size as females in others, and Ward (1990) found that adult males are 1.08 times heavier than adult females. However, this degree of sexual size dimorphism is considerably smaller than that found in Virginia opossums, in which males are 1.42-1.70 times heavier than females (Ryser 1992; Sunquist and Eisenberg 1993) . The degree of male-biased sexual size dimorphism in mammals is often correlated with the degree of male-male competition for mates, and Ryser (1992) has shown that larger male Virginia opossums achieve significantly more matings than smaller males. Ryser (1992) also showed that about 80% of adult males in the population did not mate successfully within a breeding period. Neither the degree of male-male competition for mates, nor the level of asymmetry in mating success is known in feathertail gliders; however, we do know that individual litters may be fathered by multiple males (Parrott et al. 2005) , unlike in Virginia opossums, where females apparently mate with only 1 male per reproductive bout (although this has not been tested genetically -Reynolds 1952; Ryser 1992) . Therefore, the smaller degree of size dimorphism in feathertail gliders indicates that there is probably less malemale competition for mates than in opossums. Hardy (1997) concluded that there was no evidence of a 1st-cohort effect in common opossums, so it may be instructive to look at the above characters in this species. There is a pronounced 1st cohort of births in a year, followed by a much less-pronounced 2nd (and possibly 3rd) cohort in Venezuela (Sunquist and Eisenberg 1993) . This seasonality is much more pronounced than in feathertail gliders. In terms of dimorphism, Tyndale-Biscoe and Mackenzie (1976) provide data that show male common opossums in Colombia are approximately 1.3 times heavier than females of the same tooth-wear class (age). However, Ventura et al. (2002) concluded that for Venezuelan common opossums, some mean skull measurements from males were significantly larger than those of females, but for many measurements there was no significant difference. So in this species there is some sexual size dimorphism, but not at the level seen in Virginia opossums.
In common brushtail possums (Trichosurus vulpecula), a small proportion of females produce a 2nd young in a breeding season, but Isaac et al. (2005) found no change in sex-ratio bias between cohorts. They propose that the FCAH is more applicable to species where males have a short reproductive life. Opossums are relatively short-lived mammals for their size. Wright (in Wright et al. 1995) reported that only 10% of Virginia opossums in Florida live to their 1st mating and of those, only 37% of females and 20% of males survive to breed in a 2nd year. This pattern of survivorship produces a strong imperative for males to be large and mature at the start of the season after their birth. Some 10-15% of feathertail gliders survive to their 1st breeding season (Ward 1990) , and 3 females have been found breeding in their 5th annual breeding season (males to 4 seasons-S. J. Ward, in litt.). Collins (1973) reported feathertail gliders living up to 4 years in captivity. Although male gliders that are not mature in the season after their birth will have a lower paternity success across that whole season, they are likely to survive to breed in multiple subsequent seasons, so 2nd-cohort males may be able to catch up (Isaac et al. 2005) .
In summary, male feathertail gliders that are born in the 2nd cohort of a season will not be as large as 1st-cohort males at the start of their 1st breeding season, but this difference between cohorts and its impacts on lifetime reproductive success are not as large as occur in male Virginia opossums. Breeding seasons of feathertail gliders are longer and less synchronized and male feathertail gliders face lower levels of male-male competition for mates (suggested by the smaller size dimorphism) than Virginia opossums. Furthermore, male feathertail gliders have longer reproductive life spans than male Virginia opossums. As a consequence, the difference in lifetime reproductive success of 1st-and 2nd-cohort male featertail gliders has not provided sufficient selective pressure for the FCAH effect, and biased sex ratios in litters are not apparent in this species.
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